Objective: The importance of implementation strategy in systems improvement is increasingly recognized and both 'bottom-up' and 'top-down' approaches have significant barriers. A trial of a combined approach involving frontline and managerial staff therefore seems merited. We attempted to improve handover using a Human Factors-based approach integrated with a combined 'top and bottom' implementation strategy. Design: A before-after study was conducted across 9 months. Setting: The study was set in a 236 bed district general hospital. Participants: Participants included any member of staff involved in Out of Hours handover. Intervention: Existing processes were analysed using Human Factors methods. Changes made were based on this analysis and developed via facilitation between management and frontline staff. These included creating a single multidisciplinary handover, changing the venue, standardizing the meeting structure, developing an standard operating procedure for identifying unwell patients for handover and creating a clinical coordinator role. Main outcome measures: Meeting attendance, duration, start time efficiency, the type of patients handed over and the transfer of important information were measured pre-and post-intervention. Results: We found improvement in handover start time (P = 0.002, r = 0) and multidisciplinary participation (P = 0.002, r = −0.534). Handover of unwell patients improved, but not significantly. Communication of plan (P < 0.001, r = 0.14) and pending tasks (P < 0.001, r = 0.30) improved, but diagnosis (P = 0.233, r = −0.05), history (P = 0.482, r = −0.03) and comorbidities (P = 0.19, r = −0.05) did not. Conclusions: The changes produced greater multidisciplinary participation, a broader focus and improved communication of plans and tasks outstanding. The 'top and bottom' implementation
Introduction
Defining the problem Intra-hospital handover refers to the transfer of professional responsibility and accountability for a patient's care from one healthcare provider to another [1] . It has recently become a focus in healthcare safety literature, as failure to communicate critical information is common [2] and can result in adverse events. Communication failures contribute to over 60% of serious adverse events [3] and to 43% of safety incidents among surgical patients [4] . Handover can be prone to frequent distractions and interruptions [5, 6] and tools used to support communication in handover are often inadequate and pose a risk to patient safety [7] . Outside normal daytime working hours the minimum necessary healthcare staff provide cross coverage for large numbers of patients with whom they may be unfamiliar. Full and accurate handover of information to staff covering Out-of-Hours (OOH) shifts is therefore a vital safety requirement.
Existing literature
Standard operating procedures (SOPs), structured communication tools, checklists and electronic tools have previously been used to improve efficiency [8] , information transfer [9] [10] [11] , decrease complications [12] and reduce communication errors [13] . High quality studies focused on improving handover are rare [14] . However, recent studies have shown that Human Factors-based quality improvement can demonstrate improvement in clinical and process measures [15, 16] . Implementation strategy has also been suggested to be as important as the improvement intervention itself in achieving successful outcomes [17, 18] . Previously we have focused on using a 'bottom-up' implementation strategy driven by frontline staff. This has advantages as staff have detailed understanding of their work systems and an incentive to improve their processes [19] , developing strong engagement. However such projects can be easily obstructed by lack of senior support and by organizational barriers or conflicts [20, 21] . In contrast, senior hospital managers have significant authority and change positions less frequently, but they often lack detailed understanding of existing processes. This can result in the design of new processes which fail to function as expected, alienating frontline staff who often see frequent changes imposed by senior managers as an additional burdens [22] . An approach which combines the benefits of both frontline and managerial staff efforts appears to be required to achieve change effectively, but there is little evidence-based guidance on how to achieve this [20, 23] . We attempted to improve OOH handover using a Human Factors-based approach integrated with a combined 'top and bottom' implementation strategy, integrating both frontline and managerial staff efforts.
Methods

Study design and context
The study was implemented as a before-after study over 9 months (pre-intervention, 3 months; intervention, 4 months; and postintervention, 2 months). It took place in a 236 bed district general hospital of a 4-hospital NHS Trust. The hospital provided acute inpatient medical, orthopaedic trauma and geriatric care and day-case surgical care. It had an A&E department, a 6-bed intensive treatment unit (ITU), paediatrics unit and maternity ward. Prior to the study, OOH care was delivered by four trainee doctors that covered four adult inpatient medical wards, one orthopaedic ward and the ITU. They managed all new trauma and medical admissions and were supported on-site by an anaesthetic trainee and an anaesthetic consultant. The hospital had a Transformation Team, tasked with bringing about service improvement through organizational change, operating at a senior management level in the Trust.
Measures
Observational data on OOH handover were collected by five researchers (four clinicians, one Human Factors researcher). Five categories of information were identified: (i) meeting attendance, (ii) duration, (iii) start time efficiency, (iv) the type of patients handed over (new admissions, unwell ward patients or ITU patients) and (v) the transfer of important information including patient diagnosis, history of present illness, comorbid conditions, management plan and incomplete tasks (see Appendix for definitions). Unwell ward patients were identified through standardized criteria (see Appendix). Handovers were observed in 3-week time blocks in both pre-and post-intervention phases, based on researcher availability.
Baseline observations and analysis
Baseline handover processes were analysed through a combination of informal interviews with various frontline staff, a process map and a focus group. Through these participative methods four key issues were identified:
Fragmentation of evening handover meetings Four professional groups (medical, nursing, anaesthetics and operations management) handed over separately to each other in separate locations at different times, with no expectation or mechanism for communication between them.
Narrow focused medical handover Although the overnight medical team was responsible for covering six inpatient wards, their handover focused almost exclusively on the patients admitted in the preceding 12 h and did not include unwell ward patients, who were either not handed over at all or were informally handed over between first year trainees. Similarly, there was no formal handover of ITU patients to the oncoming medical team.
Lack of a central and private location
The main medical handover took place in a shared work room on the Emergency Assessment Unit where it was subject to frequent interruptions.
Lack of standardization in the structure of meeting and patients handed over The meeting format was inconsistent and depended mainly on the approach of the senior members of outgoing day team, increasing the possibility that important information and patients would be omitted.
Intervention design
The approach to intervention used was one developed previously [15, 16] ; supporting staff to engage in improvement work using a combination of culture and system approaches. Using the information gathered from baseline analysis and data collection, research team members supported frontline staff and senior managers in co-designing new work systems and facilitated change between the two groups.
Implementation strategy
The implementation strategy began with widespread communication about the improvement activity to all staff. Frontline buy-in was encouraged by emphasizing the potential for staff to shape change. Researchers facilitated communication between management and frontline staff by interviewing staff and observing the handover process. They held separate informal meetings with frontline staff to address questions about the proposed changes, identify any modifications needed to ensure the new system was practical and ensure any concerns from frontline staff were communicated back to management.
Leaders within the hospital management ensured the new system aligned with hospital's strategic goals and that any institutional or political barriers were overcome. Senior managers from the Transformation Team facilitated meetings and communications and implemented agreed system changes which often required executive authority. During the first 3 weeks of changes, members of this team, consultant physicians and researchers attended the new OOH handover meeting nightly to provide on-site support.
Intervention changes
Five changes developed through facilitation between management and frontline staff were introduced:
Creation of a single hospital-wide multidisciplinary OOH handover The medical team's evening handover was replaced by a multidisciplinary OOH handover to: (i) address poor communication among different teams, (ii) broaden the focus of handover and (iii) foster a team approach to OOH care by bringing together team members at the beginning of their shift. The medical trainee physicians, an anaesthetic trainee and the new Clinical Coordinator (CC) role (see below) participated in the new multidisciplinary handover. The anaesthetic trainee attended to discuss ITU patients and to hear about any newly admitted or unwell ward patients that might benefit from anaesthetic co-management. The meeting was led by the most senior medical physician present.
Establishing a new venue for OOH handover
A new accessible location dedicated to the OOH handover was established, providing a quiet environment without interruptions, which was equipped with relevant facilities so the team could access the new electronic attendance register and reference the electronic patient record when needed.
Developing a SOP for the handover meeting structure A SOP for handover was created. This included a specified structure for the meeting itself that provided opportunities for staff introductions and discussion of important patient groups as well as site, staffing and bed capacity issues (Table 1) .
Developing a SOP for identifying unwell patients for handover A standardized set of criteria for identifying 'at-risk' inpatients to be discussed at handover was developed (Table 2) , which were discussed and determined with the new CCs who would be responsible for this task (see below).
Creation of a new CC role
This new position combined nursing and management responsibilities during OOH shifts. The CC's were senior nurses responsible for managing the site, staffing and bed capacity issues, but also acted as nurse representatives and monitored the overall functioning of the OOH team. They liaised with ward nurses to identify 'at-risk' inpatients using the standardized criteria developed, and raised them for discussion at the OOH handover meeting. Throughout the OOH shift they monitored the progress of unwell patients and assisted junior doctors with basic clinical tasks. Their shift began at 19:30 and bridged the gap between the outgoing and incoming medical teams, so as to provide continuity of care across this transition. Baseline handover data and discussions with the new CCs identified ways their new role could be integrated to improve the system and these were introduced iteratively during the improvement intervention. All CCs underwent training in structured communication (1-h session) and recognition and treatment of acutely deteriorating patients (1-day course).
Analysis
Wilcoxon signed rank tests were used to explore differences in meeting duration, start time efficiency, multidisciplinary attendance, the 
Results
Researchers observed 19 out of 21 OOH handover meetings (incorporating 319 individual patient handovers) during the 3-week pre-intervention period, and 16 out of 21 meetings (incorporating 285 patient handovers) during the equivalent post-intervention period, including weekend handovers in both groups. Start time efficiency improved and mean handover duration increased somewhat (Table 3) . Full multidisciplinary team (MDT) participation (defined as a handover attended by the general medical doctors, anaesthetic doctor and CC) increased after implementation of the new changes, as did the presence of anaesthetics and the CC (Table 3) .
After implementing the multidisciplinary OOH handover there was a doubling of the number of unwell patients from the medical and orthopaedic wards who were discussed per meeting, but no increase in the number of ITU patients handed over per meeting. The mean number of newly admitted patients discussed per meeting did not change much after the intervention (Table 4) .
Information transfer improved for some, but not all metrics. Improvements were observed in the clear communication of management plan and pending tasks. There was little difference in how often a patient's diagnosis, history of present illness or comorbidities were communicated (Table 4) .
Discussion
Summary of key findings
Changes made to handover through this intervention resulted in greater MDT participation, a broader focus and improved communication of patients' management plans and of tasks to be completed. The novel aspect of the project was the implementation strategy using integrated top-down and bottom-up approaches to support a practical, sustainable solution. This integrated approach appears to have been successful in improving the OOH handover.
Interpretation: changes made to handover
The changes made resulted in an increase in the number of ward patients being handed over, creating a broader focus at handover. The new CC role, the standardized flagging criteria and the standard template for the format of the meeting were designed to facilitate this.
The standardized template created the expectation that the team would discuss specific patient cohorts, while the presence of the CCs and the standardized flagging criteria ensured patients were not missed because junior doctors lacked confidence or experience in recognizing deteriorating patients. Handover of management plans and tasks improved significantly. The standardized format, together with the leadership role of the new CCs in the meeting ensured that these were clear for each patient handed over. The new venue alleviated the chaos from interruptions and allowed the OOH team to be more focused on communicating clearly, potentially contributing to better information transfer. Although not at 100%, communication of patient diagnosis and history were reasonably high prior to the intervention, which may explain why little improvement was observed in these. As for communication of patient comorbidities, a minor improvement was observed, although it was not significant. Why this did not see a greater improvement is difficult to determine, although it may be due to the fact that the CC role focused more specifically on the management plan and pending tasks for the wider team.
Start time efficiency improved. It is possible that this was a result of a combination of the reminder bleep system, along with a greater perceived importance due to the raised profile of handover as an integrated part of the shift. The number of ITU patients handed over did not change. Discussing them was the responsibility of the anaesthetic trainee who was absent from 37.5% of MDT handovers. This was usually due to simultaneous responsibilities on the maternity ward which was noted at the handover meeting.
Some previous studies have shown improvements as a result of standardization in regards to information transfer during handover [9, 11] and decreases in technical errors and information omissions [10] .
Aside from the CC's training course and purchasing new IT for the new venue (computers, a projection monitor and printer) the changes were not very costly. The only other costs associated with this project were those associated with the time given to the project by the Transformation Team and the researchers.
Interpretation: our approach and implementation strategy
The intervention carried out in this project was similar to those conducted by our group previously [16] ; we have demonstrated added value from combining quality improvement approaches to system change with teamwork training for staff, although in some cases such as this one, the scope for the latter was limited. Our previous studies utilized a strongly 'bottom-up' approach to implementation, relying on engagement of frontline staff and our experiences highlighted some important weaknesses of this approach. Recognizing the barriers faced by focusing solely on clinician efforts, our approach aimed to integrate efforts of both frontline and managerial staff, using the research team to provide the vital 'glue' to fuse the two parts of this approach by maintaining active communication between them, and ensuring objective evaluation of the intervention. While implementation strategies are now emphasized as a vital component of improvement [18] , strategies explicitly incorporating both frontline staff and management are difficult to find [23] .
Changes made as part of this intervention would not have been possible without the involvement of either group. Management, in particular the Transformation Team, played a vital role by using their authority and access to infrastructure to organize and monitor the process of change. They supplied the funding for new electronics and managed the redefinition of the Operations Manager role into the new CC. Additionally, senior consultants and managers actively participated on the frontline during the implementation. This is uncommon in healthcare improvement initiatives and their presence helped to raise the profile of the work. The engagement of frontline staff remained critical in two ways: providing detailed information on what changes would or would not work, and why, and ensuring that the project was implemented on the ground through their 'buy-in' and enthusiasm, engendered by a feeling of ownership of the changes. This allowed for the development of a solution which was tailored to the context, practical to use and aligned with organizational aims.
The role of the research team was important as they facilitated implementation, provided a structured approach to improvement, analysed existing system issues, conducted objective evaluation and bridged the gap between frontline staff and management. They were frequently 'on the ground' and could readily address staff concerns. Management were receptive to hearing their feedback and incorporating it into the design process. The role of the research team has been found as an important component of the intervention in previous studies by our group [15] .
Limitations
This study is limited by its unblinded, uncontrolled design which can introduce bias. We have demonstrated that controlled studies are often feasible in healthcare improvement [16, [25] [26] [27] [28] , but in the context of this study, it was not possible to identify a suitable control group which could have been subjected to the same intervention using a different implementation strategy. Our main outcomes were process measures, and though likely, it is not possible to know for sure if patient outcomes were improved. Data were collected by direct observation which could have elicited the Hawthorne effect. However, researchers in this study were present at handover both before and after the intervention so any difference between the two should represent a true effect of the intervention. The tendency of Hawthorne effects to fade with time would not have favoured the intervention. This new handover was evaluated up to 113 days after the initial implementation, giving reasonable evidence for sustainability, considerably longer than that presented by most handover studies [14] . However, longer term data were not collected due to resource limitations, which would have been useful. Finally, the intervention implemented was specifically designed to fit the needs of this hospital and is unlikely to be directly transferrable to others. However, the implementation strategy facilitated by an independent research team ought to be transferrable and could be used to design and implement interventions elsewhere.
Conclusions
This study presents an implementation strategy for improving quality and safety in healthcare, which capitalizes on the benefits of using top-down and bottom-up initiatives. By engaging frontline staff, the initiative had strong buy-in and had an end-user focused solution. Actively engaged senior managers overcame institutional barriers and ensured the final solution was aligned with organizational goals. Facilitation of this dual engagement by the research team resulted in the co-designing of a better handover system. The use of this approach has produced results which are encouraging and warrant further investigation in a more definitive and larger scale study.
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